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1. Historical overview
The SANC project roots back to early 2001. It was announced first in Ref. [1] and its first
phase status report was widely presented at ACAT2002 in several talks [2]–[5].
The main aim of the project is creation of a computer system for semi-automatic calculations
of realistic and pseudo-observables for various processes of elementary particle interactions “from
the SM Lagrangian to event distributions” at the one-loop precision level for the present and future
colliders – TEVATRON, LHC, electron Linear Colliders (ISCLC, CLIC), muon factories etc.
Computer-wise, SANC is an IDE (Integrated Development Environment) and is realized as a
server–client application. SANC client for version v.1.10 can be downloaded from servers at
CERN http://pcphsanc.cern.ch/ and Dubna http://sanc.jinr.ru/.
Physics-wise, all the calculations at the one-loop precision level are realized in the spirit of
the book [6] in the Rξ gauge and all the results are reduced up to the scalar Passarino–Veltman
functions: A0, B0,C0, D0. This two distinctive features allow to perform several checks: e.g. to test
gauge invariance by observation the cancellation of gauge parameters dependence, to test various
symmetry properties and validity of various Ward Identities, all at the level of analytical expres-
sions. The process of calculation is structured into several well-defined steps. With the help of
SANC system it is easy to follow all steps of calculations for many SM decays and processes. This
makes the SANC system particularly appealing for educational purposes.
The SANC system uses several computer languages, but only FORM — for analytic calcu-
lations [7]. All the codes are put into a special program environment, written in JAVA. At early
phase it was used for a revision of Atomic Parity Violation [8], for a calculation of the one-loop
electroweak radiative corrections for the process e+e−→ f ¯f [9] and neutrino DIS [10]. Meantime,
in Ref. [11] it was used for precision comparison of EW corrections for the SM boson decays into
fermion-antifermion pair and in [12] for an improvements of PHOTOS Monte Carlo generator.
In the second phase of the project (2004–2006), the calculations were extended to a large
number of HEP processes, with an emphasis on LHC physics. In Ref. [13] we have summarized
the status of the SANC version 1.00, into which we implemented theoretical predictions for many
high energy interactions of fundamental particles at the one-loop precision level for up to 4-particle
processes. In this paper we placed an emphasis on an extensive discussion of the so-called “Pre-
computation procedure”, an important first step of calculations of the one-loop amplitudes for 3-
and 4-particle processes in QED, QCD and EW theories. Finally, in Ref. [14] we described SANC
version 1.10 upgraded both physics-wise and computer-wise compared to the version 1.00. As
far as physics is concerned it contains an upgraded treatment of u ¯d → l+νl and du¯→ l− ¯νl processes
used for precision calculations of Drell–Yan processes (see Ref. [15]) and a complete implementa-
tion of t → b+ l+ +νl CC decays up to numbers and MC generators [16, 17]. We also implemented
several processes like f1 ¯f1ZZ → 0 and f1 ¯f1HZ→ 0, and the process H → f1 ¯f1A in three cross chan-
nels [18] in the EW branch, γγ → γγ scattering [19] and l l → γγ∗ in the QED branch, as well as
a new QCD branch [20]. Starting from Ref. [14] we use a generalized approach: we begin with a
presentation of the covariant amplitudes for a process, say f1 ¯f1HZ → 0, where → 0 means that all
4-momenta flow inwards. The derived scalar form factors can be used for any physically sensible
cross channel (here two: annihilation f1 ¯f1 → HZ and decay H → Z f1 ¯f1, since it is known that
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amplitudes for every cross channel separately. Recently, in the same spirit we considered the three
channels of the process f1 ¯f1ZA → 0 [21].
In this report we will concentrate on recent studies results which have been published after
2005 or are being prepared for publication.
Whenever possible, we compare our results with those existing in the literature. For this com-
parison we widely used several well known codes or computer systems. At tree level we compared
with GRACE-tree [22], CompHEP [23], PHOTOS [25]–[24], PYTHIA [26] whereas one-loop
level results were checked against HORACE [27]–[29], WGRAD2 [30]–[31], ZGRAD2 [32]–[33],
a code by S. Dittmaier and M. Kramer [34], FeynArts [35]–[38] and GRACE-loop [39].
2. Processes available in present version 1.10
The recent version of SANC deals with the three models of elementary particle interactions
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f f −> A A
A A −> f f
f1 f1 −> H A
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f1 f1 −> H Z
H −> f1 f1 Z
Charged Current
QCD
Figure 1: Three and four particle EW processes available in SANC version 1.10
Each tree consists of several levels of “folders” which end up with “files”, normally three:
FF (Form Factors), HA (Helicity Amplitudes) and BR (Bremsstrahlung). For labels of folders
we use notations: b – for any boson; f ( f1) – for any fermion ( f1 for massless fermions of the
first generation whose mass is kept only in arguments of logarithmic functions); A,Z,W,H – for a
photon, Z,W,H bosons; for files — the same but t,b, which mean here top and bottom quarks.
For many processes SANC calculations end up with MC integrators or event generators. But
only few of them are embedded into the system itself, see Ref. [5] and Fig. 11 in Appendix. The
other codes are accessible as the stand alone ones. The latter widely use FORTRAN modules
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2.1 Basic notions: precomputation, amplitudes, form factors...
Precomputation is one of important concept of SANC ideology. Since many one-loop cal-
culations are enormously time consuming, the idea is to precompute as many one-loop diagrams
and derived quantities (renormalization constants, etc) as possible. The precomputation trees are
presented and exhaustively discussed in the Ref. [13] and we refer the reader to this paper.
As seen from an open folder for t →Wb decay in the Fig. 1, one has usually three files written
in FORM, which compute:
• Covariant amplitude (CA) and scalar FF, cf. with the nucleon-nucleon-γ vertex parametrized
by the two scalar FF F1,2: A ∝ γµF1 + σµνqνF2;
• HA, which depend on FF, H{λi}(Fi), where {λi} denotes a set of helicity quantum eigen-
values, typically spin projections onto a quantization axis. We remind that in the standard
approach for an observable O one has: O ∝ |A |2, while in terms of HA: O ∝ ∑{λi} |H{λi}|2
and this drastically simplifies calculations since H{λi} are scalar objects which are computed
as complex numbers. Many other examples of CA and HA maybe found in Refs. [13], [14]
and [18];
• Accompanying real BR. This module computes the contribution of the real bremsstrahlung
to a relevant process. Typically we have both the calculations of inclusive quantities and
fully differential ones for a use in the MC codes.
2.2 From analytic results to numbers
The chain of SANC calculations starts with on-line execution of module FF, followed by an
s2n run (see short User Guide at our Project home pages, indicated in the Introduction), and
subsequent execution of module HA with another s2n run. As the result, the system generates








Note, that the 2-loop corrections may be easily embedded into this scheme if available.
Real corrections consists of Soft and Hard bremsstrahlung. They are computed by modules
BR. The Soft has the Born-like kinematics, while Hard has + 1 particle’s more phase space and
typically the system creates a FORTRAN module which is used in subsequent MC calculations.
For several processes, the system may compute complete one-loop corrections, including real
bremsstrahlung for an inclusive observable.
For numerical computations we use the FORTRAN modules generated by the package s2n
— a part of the system written in PERL. SANC includes its own FORTRAN library for numerical
calculation of Passarino–Veltman functions and uses LoopTools as an alternative (see, [40]).
2.3 Types of SANC Outputs
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• FORTRAN modules.
These modules may be used in MC integrators and generators by ourselves or by the others;
• Standalone MC generators.
As example we will present below some result obtained with:
a) generator for t → blν decay;
b) generators for NC and CC Drell–Yan processes;
c) generator for H → 4µ decay in the single Z pole approximation;
• Contribution to tuned comparison.
It has an impact on competition of precision MC generators at the LHC era. So far we par-
ticipated in two workshops: Les Houches Workshop, see Proceedings 2006 [42] and TEVA-
TRON for LHC Report, 2007, [43].
3. SANC application for selected processes
In this section we present some recent results obtained with SANC for several selected pro-
cesses:
• t → blν decay;
• ¯f1 f1 → ZZ;
• ¯f1 f1HA→ 0: three cross channels;
• ¯f1 f1ZA→ 0: three cross channels;
• ¯f1 f1HZ → 0: two cross channels;
• H → 4µ decay;
• Drell–Yan-like W and Z production.
These results were published in 2006–2007 or are still in preparation.
3.1 t → blν decay
The results of this study are published in Ref. [16, 17]. We presented there:
• total width and various distributions;
• calculated without and with one-loop EW and QCD corrections;
• results of complete calculations and of the pole approximation;
• results obtained with MC integrator and event generator;
• comparison with world literature.
As a typical result obtained with the MC event generator we show in Fig. 2 the complete EW
correction δ = (dΓ1loop/dMlνl )/(dΓBorn/dMlνl )−1,% as a function of invariant mass of M = Mlνl
pair.
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M, GeV






 pairµν and +µInvariant mass of 
Figure 2: Complete EW correction δ (in %) as function of invariant mass of lepton pair Mlνl
3.2 f1 ¯f1 → ZZ
In Ref. [14] we presented our analytic results for one-loop EW corrections for the process
f1 ¯f1 → ZZ, however, we did not manage to perform the numerical comparison with results of
Ref. [49] because of a misinterpretation of some statements of this paper. Recently we came back
to this point and found an excellent agreement with their numbers of fourth column from their
Table 1 (MH = 100 GeV) as seen from the Table 1.
√
s, GeV θ [49] δ ,% SANC δ ,%
10◦ 16.13 16.134
190 45◦ 16.22 16.225
90◦ 16.32 16.321
10◦ 13.88 13.879
210 45◦ 13.93 13.932
90◦ 13.85 13.849
10◦ 12.64 12.642
250 45◦ 11.96 11.959
90◦ 10.47 10.473
10◦ 13.26 13.258
500 45◦ 5.51 5.514
90◦ -1.68 -1.679
10◦ 11.89 11.888
1000 45◦ 6.00 -6.000
90◦ -17.66 -17.660
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In SANC we also have the hard photons contribution and the possibility to compute the hadron
level process: pp → ZZ.
3.3 Three channels of f1 ¯f1HA → 0
In a recent Ref. [18] we present the results of a unified approach when we begin with a common








The f¯ fγH → 0 process.
For f1 ¯f1HA→ 0 processes, the CA at one-loop order has the form:
A
Born+1−loop = A Born[O(m2f )]+A
1−loop[O(α)]+A 1−loop[O(m2f α)] . (3.1)
The second term, A 1−loop[O(α)], stands for a part of one-loop amplitude not suppressed by
Yukawa coupling (m2f ) contrary to the Born amplitude A Born[O(m2f )] and to the rest of one-loop
amplitude A 1−loop[O(m2f α)].
For this reason Born amplitude typically contribute less than the one-loop one and the squared
amplitude becomes:
|A Born+1−loop|2 −→ |A Born[O(m2f )]+A 1−loop[O(α)]|2. (3.2)
For the first generation fermions even A Born could be neglected, but it can be significant for the
second and third generations. The QED one-loop and the bremsstrahlung corrections contribute to
the third term of Eq.(3.1), so they could be also neglected.
Then SANC computes the analytical expressions of the HA for all three channels separately
making an appropriate permutation of incoming momenta and projecting CA to the states with
definite helicities. Three cross channels of the process f1 ¯f1HA → 0 and the momenta flow of






















The eγ → eH channel
Figure 3: Three and four particle EW processes available in SANC version 1.10
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3.3.1 Annihilation channel f1 ¯f1 → HA
The Fig. 4 shows one-loop corrected cross section of the Higgs boson production via annihi-
lation process as a function of the Higgs boson mass, MH in the same style as Fig. 2 of Ref. [44].









Figure 4: Completely EW corrected σ in fb, as function of the Higgs boson mass
Though we did not manage to perform a “tuned” comparison of our results, there is a good
“visual” agreement with Fig. 2 of Ref. [44].
3.3.2 Decay channel H → µ+µ−γ
For the decay channel we did not find a reference whom to compare with. In the Fig. 5 we
show the Mµ+µ− invariant mass distribution at the Born and one-loop levels for MH = 150GeV.


















Figure 5: Invariant mass distribution, Born (dashed) and one-loop levels (solid line)
The two peaks due to γ and Z exchanges are distinctly seen. The Born contribution is small
everywhere except for the soft photon corner, where it develops an infrared divergence. More
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3.3.3 The production channel eγ → eH
For this channel, we present an almost tuned comparison between the results shown in Table I
of Ref. [45] and SANC for three cms energies √s = 500, 1000, 1500 GeV and wide range of Higgs
mass: 110 GeV≤MH ≤ 400 GeV.
MH/
√
s 500 1000 1500
SANC [45] δ SANC [45] δ SANC [45] δ
80 8.40 8.38 -0.2 9.31 9.29 -0.2 9.76 9.74 -0.2
100 8.85 8.85 0 9.95 9.94 -0.1 10.48 10.5 -0.2
120 9.77 9.80 0.3 11.16 11.2 0.4 11.80 11.8 0
140 11.76 11.8 0.3 13.68 13.7 0.1 14.52 14.6 0.6
160 20.91 21.1 0.9 24.82 25.0 0.7 26.48 26.6 0.5
180 20.67 20.9 1.1 25.04 25.3 1.0 26.81 27.0 0.7
200 16.99 17.2 1.2 21.05 21.2 0.7 22.64 22.8 0.7
300 5.90 5.97 1.2 8.44 8.53 1.0 9.33 9.43 1.1
400 1.64 1.64 0 2.74 2.78 1.5 3.15 3.18 1.0
Table 2: Total cross sections σ in pb and relative difference δ in % between SANC and Ref. [45].
In the Table 2 we show total cross sections σ and relative difference δ between the two calcu-
lations (δ = σ [45]/σ [SANC]−1, (%)). As seen, the difference in many of points is below 1% and
shows up an irregular behavior pointing to its numerical origin (our numbers are calculated with
real*16). We consider the two results to be in a very good agreement.
3.4 Three channels of f1 ¯f1ZA → 0
Recently we implemented another three cross channels of f1 ¯f1ZA → 0: annihilation, f1 ¯f1 →
ZA; decay, Z → f1 ¯f1A, and production, eγ → eZ.
√
s, GeV θ DD [46] Grace-loop [39] SANC [21]
20◦ < θ < 160◦ σ Born, pb 0.7051 0.70515 0.70515
500 δ , % -25.69 -25.689 -25.690
1◦ < θ < 179◦ σ Born, pb 1.770 1.7696 1.7697
δ , % -22.31 -22.313 -22.313
2000 20◦ < θ < 160◦ σ Born, pb 0.04620 0.046201 0.046201
δ , % -39.53 -39.529 -39.529
1◦ < θ < 179◦ σ Born, pb 0.1170 0.1170 0.11697
δ , % -30.84 -30.845 -30.845
Table 3: Comparison of the Born cross section pb and δ in % of the γe− → Ze−(γ) reaction ([DD] input
and Eγ ≤ 0.025
√
s GeV).
For every channel SANC generates the corresponding hard photon emission contribution [21]. We
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show only a part of their Table 5.3 where we also added Grace-loop numbers taken from Ref. [39].
As seen, there is perfect agreement between three calculations with the same input.
3.5 Two channels of ¯f1 f1HZ → 0
The calculations of this process in two channels: annihilation ¯f1 f1 → HZ and decay H →
Z ¯f1 f1 are presented in Ref. [14]. Here we present only its CA and several numerical results.
3.5.1 Covariant amplitude of the process
The reason of presenting CA for this process is its compactness, it is described by 6 structures
and 6 form factors. Introducing all incoming momenta as ¯f1(p1) f1(p2)Z(p3)H(p4)→ 0, one has:




















3.5.2 Annihilation channel e+e− → HZ
For the annihilation channel we present the results of a triple comparison, see Table 4: Again,
√
s, GeV MH , GeV Grace-Loop [39] [41] SANC [14]
500 100 4.1524 4.1524 4.1524
500 300 6.9017 6.9017 6.9017
1000 100 −2.1656 −2.1656 −2.1656
1000 300 −2.4995 −2.4995 −2.4995
1000 800 26.1094 26.1094 26.1094
2000 100 −11.5413 −11.5414 −11.5414
2000 300 −12.8226 −12.8226 −12.8226
2000 800 11.2468 11.2468 11.2468
Table 4: EW corrections to the total cross section in percent in α scheme.
one observes an excellent agreement between three calculations. In SANC we implemented also
complete NLO EW corrections, including hard photon bremsstrahlung.
3.5.3 Decay channel H → Z f1 ¯f1(γ)
For the decay channel we did not found a paper whom to compare with. In Fig. 6 we show
distributions over invariant mass m2µ+µ−(γ) . A narrow peak at low mass is distinctly seen. It has
simple physical explanation. Since the H → Zγ width does not vanish for an on-shell photon with
Q2γ = 0, the one-loop amplitude for H → Z f1 ¯f1 with virtual photon exchange will show a ∼ 1/s
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Figure 6: The distributions over invariant mass m2µ+µ−(γ) in α scheme. The red line shows Born level









Figure 7: H → Zγ decay and Coulomb singularity
single differential widths. The 1/s region is very narrow and is largely washed out not only by a
soft cut on the variable s but even by the plain s-integration.
For demonstration we prepare some benchmarks. For the H →Z f1 ¯f1 decay see Benchmark case 3:
Fig. 13 and Table 8 in Appendix.
3.5.4 H → Z f1 ¯f1: a MC generator for H → 4µ decay
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into account: identity of muons, one photon radiation and one-loop EW virtual corrections in
the resonance approximation. The idea of this approach is illustrated in Fig. 8 and is described in
more details in Ref. [14]. As was shown in [14], this approximation is valid for 130 ≤ MH ≤ 160
GeV. This event generator was transferred for use to JINR ATLAS muon group.
3.5.5 MC H → 4µ: Prophecy4f & SANC comparison
Recently there appeared a MC generator Prophecy4f based on a complete 5-point one-loop
calculations Refs. [42, 50, 51]. We present a Table of comparison for partial width for decay
H → 4µ in Gµ scheme for MH = 140 GeV between Prophecy4f and SANC.
MH , GeV 120 130 140 150 160
Prophecy4f 0.7053(3) 2.3769(9) 6.692(2) 16.807(6) 40.06(1)
SANC (Gµ) 0.7197(3) 2.4079(8) 6.743(2) 16.842(5) 39.62(2)
δ ,% 2.04 1.01 0.76 0.21 -1.10
SANC (α) 0.6938(2) 2.343(1) 6.594(2) 16.534(5) 39.15(1)
Table 5: Comparison for partial width in 10−7 GeV for decay H → 4µ in Gµ scheme for MH = 140 GeV
between Prophecy4f and SANC
As seen from the Table 3.5.5, there is ±1% agreement in the mass range 130–140 GeV, de-
grading at the edges of the interval [120–160] as expected, see Ref. [14]. Note, that Prophecy4f
uses another renormalization scheme and takes into account several higher order effects and that
SANC calculations in α and Gµ schemes differ by about 2%.
The SANC generator was used for a MC simulation of H → 4µ decay in the ATLAS detec-
tor and the results were compared with those obtained by PYTHIA, showing notable deviations,
see [52]. This demonstrates the importance of higher order corrections and the necessity to reduce
the theoretical error.
3.6 Drell–Yan-like W and Z production
The description of Drell–Yan-like single W and Z production processes are rather advanced
in SANC. As usual, we begin with partonic level calculations by running relevant FF/HA/BR files
each by FORM and s2n. The results of this run for CC Drell–Yan process are shown in Appendix,
see Benchmark case 2: Fig. 12 and Table 7.
3.6.1 CC and NC Drell–Yan processes distributions
The FORTRAN modules, generated by s2n package, are used in MC integrators and gen-
erators based on Vegas algorithm. With the aid of the integrators we have produced numerous
distributions presented in proceeding of Les Houches [42] and TeV4LHC [43] Workshops. Here
we present a few distributions, both for CC and NC cases. The results obtained with the aid of
generators will be presented elsewhere.
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• Charged current Drell–Yan (CC DY) production:
– q ¯q′ sub-process
p[q]+ p[ ¯q′]→W± → X + ℓ±+ νℓ(+γ)
– gq sub-process
p[g]+ p[q] →W± → X + ℓ±+ νℓ(+g)
– γq or γ-induced sub-process
p[γ ]+ p[q]→W±→ X + ℓ±+ νℓ(+γ), (ℓ = e,µ)
• Neutral current Drell–Yan (NC DY) production:
– qq¯ sub-process
p[q]+ p[q¯]→ γ ,Z → X + ℓ+ + ℓ−(+γ)
– gq sub-process
p[g]+ p[q] → γ ,Z → X + ℓ+ + ℓ−(+g)
– γq or γ-induced sub-process
p[γ ]+ p[q]→ γ ,Z → X + ℓ+ + ℓ−(+γ), (ℓ = e,µ)















In the first column the partons participating a hard sub-process are shown. In the second
column — the variable of distribution: transverse leptonic momentum pT = pℓT or transverse mass
MT =
√
2pℓT pνT (1− cosϕℓν) of ℓνℓ system. In the third column — the type of final charge lepton
µ or e. Moreover, for muons we use the so-called “bare” setup and for electrons — “calo” set up
with some e–γ recombination, see above mentioned Proceedings.















For initial parton= γ we finished a recent paper [47]. We have also distributions with initial
parton= gluon, but they are still preliminary and we will not show them in this report.
The distributions are produced for the cross-sections σ (pb) and the relative corrections δ (%)
where the last is defined by δ = σ 1−loop/σ Born − 1 for NLO QCD and EW corrections originat-
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We begin with two distributions for CC DY.
CC DY: σ , MT distribution
 [GeV]TM



















CC DY: δ , MT distribution
 [GeV]TM
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The following two figures illustrate the contribution of γ-induced processes.
CC DY: δ , PℓT distribution
 [GeV]TP















CC DY: δ , MT distribution
 [GeV]TM
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Here we show only two distributions for NC DY.
NC DY: σ , Mℓ+ℓ− distribution
 [GeV]-l+lM


















NC DY: δ , Mℓ+ℓ− distribution
 [GeV]-l+lM












It is worth emphasizing that within two above mentioned Workshops, groups of participants




SANC: precision calculations... Dmitry Bardin
3.6.2 QCD-EW interplay
One of the most interesting questions in connection with Drell–Yan processes is the interplay
of EW and QCD corrections at least in the NLO approximation. With the aid of SANC it is possible
since we implemented NLO QCD correction exactly in the same language as we did for EW ones.
CC DY: δ , MT distribution
QCD EW
 [GeV]TM




























NC DY: δ , Mℓ+ℓ− distribution
QCD EW
 [GeV]-l+lM

























From these figures one may conclude that at least for some distributions NLO QCD corrections
do not dominate. A more detailed presentation of this issue may be found in our reports to ATLAS
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3.6.3 Drell–Yan processes: tuned comparison
The tuned comparison of EW corrections for CC Drell–Yan processes was started within
the Les Houches Workshop [42], however, much more detailed study was performed within the
TEV4LHC Workshop [43].
Three teams participated within TEV4LHC Workshop:
• HORACE — C.C. Calame, G. Montagna, O. Nicrosini, A. Vicini (Pavia, Italy) [27]–[29].
• SANC — SANC group (JINR, Dubna, Russia) [13]–[15].
• W(Z)GRAD2 — U. Baur, D. Wackeroth (FNAL, USA) [30]-[33].































































Figure 9: The relative correction ∆ due to electroweak O(α) corrections to the MT distribution for single
W + production with bare cuts at the LHC.
This figure illustrates that the issue of “technical precision” of EW NLO corrections for CC
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Appendix
As a part of our talk to ACAT2007, we gave an on-line demonstration of the SANC system.
Here we have to limit ourselves by a presentation of several screen-shots corresponding to three
benchmark cases described in the User Guides in Refs. [13], [14] (see also a joint User Guide in
our Project home pages).
•Benchmark case 1: Γ(Z → b¯b) decay
Figure 10: Working status of the SANC windows at the end of on-line calculations for Z → b¯b decay: the
first window (the left top corner) – the SANC tree, second (the right top corner) – the editor list window, third
(the left bottom corner) – the output window with results for total widths for Z → b¯b decay, and subsidiary
window – the window of status processes (the right bottom corner). One can see 3 couples of FORM/s2n
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Figure 11: Working status of the SANC windows for Z → b¯b decay at the end of on-line MC calculations. In
the output window one sees the partial Z → b¯b decay rate in GeV with its statistical MC error. One sees also
four pre-defined histograms, which are requested by checking of four corresponding boxes at the Numerical
form in the MC mode.
ΓBorn ΓBorn+virt+soft ΓTotal
Semi-Analytic 0.355428 0.335345 0.358738
MC , 100 k 0.358742 ± 0.000718
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• Benchmark case 2: The process 2 f → 2 f
Figure 12: Working status of the SANC windows at the end of calculations for u ¯d → e+νe process. The
output window contains numbers the same as the following Table.
√
s GeV
cos θ 40 80 120
-0.9 Born 3.33973 9361.58 11.3047
Born + one-loop 3.50144 9379.90 22.2332
-0.5 Born 2.08155 5834.78 7.04592
Born + one-loop 2.17360 5845.82 10.8827
0.0 Born 0.92513 2593.23 3.13152
Born + one-loop 0.96582 2600.17 4.43144
0.5 Born 0.23128 648.308 0.78288
Born + one-loop 0.24296 652.669 1.22250
0.9 Born 0.00925 25.9323 0.03131
Born + one-loop 0.01062 28.2548 0.07098
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• Benchmark case 3: H → Z f1 ¯f1
Figure 13: Working status of the SANC windows at the end of calculations for H → Z f1 ¯f1 decay. The
output window contains numbers the same as the following Table.
H → e+e−Z
Part 1, d2Γ/dsd cos ϑl ·108, GeV−1√
s, GeV 1 3 10 28
Born 0.02019 0.02144 0.03505 0.04261
1-loop cos ϑl =±0.9 0.21060 0.04321 0.03874 0.04602
δ 9.43022 1.01508 0.10537 0.07984
Born 0.07914 0.07964 0.08478 0.04353
1-loop cos ϑl =±0.5 0.21495 0.09898 0.09150 0.04701
δ 1.71589 0.24281 0.07922 0.07976
Born 0.10546 0.10562 0.10698 0.04394
1-loop cos ϑl = 0.0 0.21695 0.12394 0.11510 0.04745
δ 1.05716 0.17343 0.07586 0.07972
Table 8: The double differential widths for H → e+e−Z decay in α-scheme. First row: the d2Γ/dsd cosϑl ·
108GeV−1 at the Born level; second row: the same but at the 1-loop level; third row: relative correction
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